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Synthesis of morphology-controlled silver nanostruc- 
tures by electrodeposition 
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X. Tong2,* and P. Liu2,* 
Nanostructured silver was obtained by potentiostatic electrolysis. The effects of ionized surfactant 
(sodium dodecanesulphonate) and the substrate (Cu and Ti) on the morphology of depositions were 
investigated. It is found that morphologies of silver nanostructures can be simply controlled via 
change of the substrate. Spherical Ag nanoparticles with narrow size distribution were obtained by 
electrodeposition in AgNO3-SDS aqueous solution on copper substrate. In the case of titanium 
substrate, silver dendrite structures were obtained. Despite of different morphologies, XRD and 
TEM results showed that the as-prepared samples belong to face-centered cubic silver structure 
with good crystallinity. The formation mechanism of different silver nanostructures was discussed.  
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Nanometer-sized metal structures have recently attracted great 
interests because of their excellent electronic, magnetic, optical, 
thermal and catalytic properties [1-4]. It is well known that the 
properties of a noble metal nanostructure depend on its size, 
shape, morphology and crystallinity [5-8]. Therefore, much 
attention has been focused on the size and shape-controlled 
synthesis of metal nanostructures. Among many different metal 
nanostructures, silver nanocrystals seem to be particularly 
attractive because of their unique applications in active catalysts, 
nonlinear optical materials, electrical and thermal conductivities 
[9-11]. Silver nanoparticles with diameter under 20 nm exhibit 
effective antibacterial properties without side-effects and 
antibiotic resistance [12,13]. Nanoprism structure and nanodisks 
of silver exhibit optical properties different from the silver 
nanospheres, showing a potential application in optics [14,15]. 
Dendritic silver structure was developed as a novel good 
reproducible surface enhanced Raman scattering active 
substrate which can reflect different SERS effects based on 
different sizes of the dendrites [16-19]. Accordingly, by 
adjusting sizes and shapes in the process of synthesis, the 
physical and chemical properties of silver nanostructure can be 
controlled.   
Much effort has been made to design nanocrystals with 
well defined sizes, shapes and crystallinity. Until now, a number 
of different techniques, including electrochemical deposition 
[20,21], γ-irradiation route [22,23], template approach [24,25], 
thermal evaporation and chemical vapor deposition[26,27] have 
been used for growing silver nanostructures. Electrochemical 
deposition is relatively a simple and convenient way to 
synthesize silver nanostructures [28]. There are already several 
reports on the synthesis of silver nanostructures by 
electrochemical deposition [29-31]. The method generally 
involves the reduction of Ag salt in the presence of a suitable 
non-ionized surfactant. Zhu Junjie et al. [31] have prepared 
shaped silver particles in the presence of nitrilotriacetate (NTA) 
by pulse sonoelectrochemical method. Kang Zhenhui et al. [32] 
have reported the synthesis of Ag dendritic structure in the 
presence of polyethylene glycol (PEG) by electro reduction of 
AgNO3. Zhu and co-workers [33] have also prepared Ag 
dendrites in the presence of DNA by the same technique. The 
effect of reaction time and concentration of both AgNO3 and 
surfactant on the morphology have been discussed in literatures. 
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However, fewer references reported their preparation in the 
assisted of ionized surfactant. The effect of the substrate on the 
morphology of Ag nanostructures is still unknown. Moreover, 
the exploration of an effective and readily adoptable method for 
the preparation of Ag nanostructure with well-defined sized and 
tunable morphologies remains a challenge. 
In this paper we report a surfactant assisted 
electrochemical deposition method to synthesize silver 
nanoparticles with a narrow size distribution and dendrite 
nanostructure. The influences of the sodium dodecylsulfonate 
(SDS) and the substrates (Cu and Ti) on the morphology of 
silver nanostructures were investigated. SEM, TEM, and XRD 
analysis have been used to characterize the as-prepared 
samples.  
All chemical reagents used are analytically pure. The 
electrochemical cell was an H-shaped glass cell in which the 
anode and cathode chamber was isolated by sintered glass. The 
Pt film (99.9%, 0.1 cm2) and graphite rod (spectrographically 
pure) were used as working electrode and counter electrode, 
respectively. The reference electrode was a saturated calomel 
electrode (SCE), which has a Luggin capillary filled with 
asbestos fiber at the tip.  
A 5×10-3 mol L-1 AgNO3 and a 0.2 g L-1 SDS were mixed in 
an aqueous solution. Products were grown by potentiostatic 
electrolysis at room temperature. The substrates Cu and Ti were 
immersed into AgNO3-SDS aqueous solution, respectively. The 
as-deposited samples were washed by acetone to remove 
surfactants and H2O adhered to the surface.  
The electrochemical measurements were performed by a 
Voltalab 80 universal electrochemical instrument (Radiometer 
Analytical) under Ar atmosphere. The surface morphology was 
examined by scanning electron microscope (SEM, Quanta 400F, 
FEI). The phase and structure of the samples were determined 
by X-ray diffraction (XRD, D/MAX-3A, Tigaku International 
Corp. Ltd.) and transmission electron microscopy (TEM, 
JEM-2010HR). 
X-ray diffraction (XRD) measurement was carried out to 
determine the crystal structure of electrodeposited products. 
Figure 1 shows the XRD patterns of the as-deposited products. 
The lattice parameters determined from the diffraction peaks 
can be indexed to diffraction from the (111), (200), (220), (311) 
and (222) planes of face-centered cubic (fcc) structure of silver 
(JCPDS file no. 4-783). 
Figure 2a shows the cyclic voltammogram (CV) of a Pt 
electrode in AgNO3- SDS aqueous solution at the scan rate of 
100 mV s−1. The voltammetric scan was commenced at 0.30 V 
and swept negatively. A single cathodic wave appeared at −0.22 
V. On the reverse sweep, an anodic peak was observed at 0.17 
V. Figure 2b shows the cyclic voltammogram (CV) of a Pt 
electrode in AgNO3 aqueous solution. A single cathodic peak 
was at -0.13 V, and an anodic peak was 0.11 V. After the 
potentiostatic electrolysis was carried out, black deposits were 
obtained. XRD analysis confirmed that the deposits belong to 
face-centered cubic structure of sliver. Therefore, the cathodic 
wave is produced due to the reduction of Ag (I) to Ag and the 
anodic peak accords with the anodic stripping of Ag. The 
reduction potential of Ag (I) shifted negatively from -0.13 V (as 
shown in Fig. 2b) to -0.22 V (as shown in Fig. 2a) when the 
SDS was presented in solution. This result indicated that 
nucleation process of Ag may be influenced by SDS. 
Figure 3a shows the particle size and the morphologies of 
the deposits obtained in AgNO3-SDS aqueous solution on a Cu 
plate by potentiostatic electrochemical deposition. Well 
dispersed spherical Ag nanoparticles with uniform granularity 
were observed on the substrate. The average size is measured to 
be 32 nm. There is a relatively narrow particle size distribution, 
with most of particles within 30 to 35 nm accounting for 85% 
of the total amount of Ag nanoparticles (as shown in Fig. 3b). 
The typical diameter is about 30 nm. 
The detailed structural information of Ag nanoparticles 
was provided by TEM. Figure 4 shows a typical TEM image of 
Ag nanoparticles at a low magnification and the corresponding 
selected-area electron diffraction (SAED) pattern. In Fig. 4, the 
nanoparticles have dimensions in the range of 25 nm to 40 nm, 
FIG. 1. XRD pattern of electrodeposited products. 
FIG. 2. CV of a Pt electrode (0.1 cm2) in AgNO3 (5×10-3 mol L-1) aqueous solution at the scan rate of 100 mV s-1: (a) with SDS (0.2 g L-1), (b) without SDS. 
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which is in agreement with the results of SEM. From the study 
of the SAED pattern, the diffraction rings can be indexed to 111, 
200 and 220 diffraction of face-centered cubic structure of 
silver. The shape and intensity of diffraction rings indicate that 
the nanoparticles are of high crystallinity. 
Figure 5a shows a typical TEM image of an individual Ag 
nanoparticle. The corresponding SAED pattern (as shown in 
Fig. 5b) can be indexed as the [001] zone axis of single crystal 
fcc silver, and this implies that the as-prepared nanoparticles are 
single crystalline. HRTEM image (as shown in Fig. 5c) of the 
square region in Fig. 5a shows continuous single directional 
lattice fringes. The marked d-spacing of 0.205 nm corresponds 
to the interplanar distance of Ag {200} lattice planes. The 
HRTEM and SAED results further confirmed that the Ag 
nanoparticles adopt a single crystal structure with a 
face-centered cubic phase.  
To investigate the effect of SDS on the morphology of the 
resulting product, a SDS-free solution growth process was 
carried out. The shape and size of the deposits were revealed by 
SEM. As shown in Fig. 6, the as-deposited products are 
tower-like structures. It can be seen that the basic building units 
of the tower structures are nanoparticles and nanoplates. It is 
apparent that some of them aggregate to form the tower-like 
structure. The bottom diameter of the particle-aggregated tower 
is about 110 nm, and the top diameter is about 35 nm. The 
corresponding XRD diffraction pattern confirmed that the 
nanotower structure is face-centered cubic silver. On the base of 
the experiments, SDS plays a key role in the formation of Ag 
nanoparticles. It is reported that [34-36] suitable surfactant may 
change the surface chemistry of metal particles and restrain the 
aggregate of metal nuclei. In our case, SDS may also be a kind 
of capping reagent, which absorbs on the surface of Ag 
particles and lowers the surface energy. Without the presence of 
SDS, Ag nanoparticles constructed the tower-like structure as 
the aggregation took place.  
The growth on Ti substrate instead of Cu results in the 
changing from nanoparticles to dendrite structure. Figure 7a 
shows the representative SEM image of the as-deposited 
product synthesized under AgNO3-SDS aqueous solution by 
using Ti substrate. As shown in Fig. 7a, the product consists of 
a large amount of dendrite structures. The individual Ag 
FIG. 3. (a) SEM image of the as-deposits obtained by potentiostatic electrolysis on the Cu plate at -3.00 V for 30 min in AgNO3 (5×10-3 mol L-1)-SDS (0.2 g L-1) 
aqueous solution (b) Histogram showing size distribution of Ag nanoparticles. 
FIG. 4. TEM image of Ag nanoparticles and the corresponding SAED 
pattern. 
FIG. 5. (a) TEM image showing a Ag nanoparticle, (b)Indexed SAED pattern 
taken along [001] zone axis, and (c) HRTEM image obtained from the square 
region in (a). 
FIG. 6. SEM image of the as-deposits obtained in SDS-free solution. 
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dendrite has two-dimensional structure with trunk and branches. 
The side branches are well symmetric and make an angle of 
about 60嘙 with the trunk. It is found that the diameter of the 
trunk and the side branches is about 200 nm and 100 nm, 
respectively. A single dendrite structure shown in the inset of 
Fig. 7a indicates that some nanoparticles with the diameter of 
about 35 nm are attached on the surface of the trunk and 
branches. Figure 7b shows the TEM image of an individual 
silver dendrite with pine-like shape. The corresponding SAED 
pattern (the inset) obtained from the circle region in Fig. 7b 
shows six sharp spots, corresponding to the {220} diffractions 
of single crystal fcc silver. The SAED results suggest that the 
branched structure is single crystalline with cubic phase and the 
side branches grow along {220} directions.  
The former reports [8-10,18,26,33] have demonstrated that 
the concentration of AgNO3 plays a significant role in the 
formation of Ag dendrite. However, in the current investigation, 
although the solution condition was kept the same, different 
morphologies were obtained via changing the substrate. In this 
regard, it can be assumed that the mismatch degree of crystal 
lattice parameters between the substrate and the deposits may 
lead to different morphologies. The growth mode and the 
structures of the materials, to a great extent, depend on the 
interaction between the atoms of the substrates and that of the 
deposits. According to the diffusion limited aggregation (DLA) 
model, dendrites are formed by the aggregation of small 
particles [22]. In the early stage, Ag clusters are formed by 
initial attached aggregates which can align epitaxially with the 
substrate [37]. Compared with copper, the lattice parameter of 
titanium (pdf no.882321) is well match with that of silver (pdf 
no.870720). Therefore, in the stage of aggregation attachment, 
it seems to be more favorable for the occurrence of adhesion 
and aggregation of Ag clusters on Ti substrate than on Cu 
substrate. Once the aggregates contact on Ti substrate, they 
align epitaxially and serve as an immobile “seed” [38]. Then 
the generated particles stuck to a selected seed to form the 
dendrite structure as described by DLA model. Although the 
exact formation mechanism for the Ag dendrites is not quite 
clear at present, substrate plays an important role in the 
formation of well-defined Ag dendrite nanocrystals. 
In summary, single crystalline silver nanoparticles with 
narrow size distribution and dendritic silver nanostructure have 
been prepared by potentiostatic electrodeposition in the assisted 
of ionized surfactant. It reveals that the morphologies of the 
structures are greatly influenced by the surfactant and substrate. 
In AgNO3-SDS aqueous solution, spherical nanoparticles with 
diameter of 3035 nm were obtained on copper substrate, while 
silver dendrite nanostructures were obtained on titanium 
substrate. In the SDS-free solution, Ag nanoparticles were 
aggregated to form tower-like structure. It is found that the 
morphologies of silver nanostructures prepared by 
electrodeposition can be easily controlled via changing the 
substrate. 
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